The existence of 'false memories', where individuals remember events that they have never actually experienced, is well established in humans. Now a new study reports that insects similarly form illusory memories through merging of memory traces.
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Memories define us as individuals. We accumulate them throughout our lives, lay some of them down as long-term memories that last a life-time, while other memories are short-lived and only last for minutes or days. Although we tend to believe that our memories are precise recollections of past events, memories are a fickle thing.
No two people have the exact same memories even if they experience the same events, which is why eye witness records are notoriously unreliable. Memories may change over time as the brain recalls and re-consolidates them, resulting in various types of 'false memories', where individuals remember events or objects that they have never actually been exposed to or merge different memory traces into an illusory memory [1] [2] [3] . For example, when presented with a list of words all pertaining to fruit, people would remember the word 'apple' even if it was not on the list. While the existence of such memory errors is well established in humans [2, 3] , it has never before been shown in animals, although many animal species from insects to vertebrates are known for their sophisticated learning and memory abilities. Now, a new study by Kate Hunt and Lars Chittka [4] , published in this issue of Current Biology, has revealed that an insect with a small brain, the bumble bee, also suffers false memories. The study suggests that memory traces for different visual stimuli such as a colour and a black-and-white pattern are merged in the bumble bee brain into a false memory of an 'imagined' stimulus that combines the colour and the pattern ( Figure 1 ).
Bumble bees like honeybees are excellent animal models to study visual learning and memory phenomena [5] [6] [7] . The lifestyle of foraging bees predisposes them to learn and remember the colours, shapes and patterns of different flowers, so that they can return to rewarding flowers over and over again. Importantly, flowers may bear nectar at different times of day and the selection of nectar-bearing flowers changes over the lifetime of a bee as new plants come into bloom and others stop flowering. Hence, bees form multiple complex memories of flowers throughout the days and weeks of their lives, both simultaneously and sequentially [8] . How does a small brain like a bee's cope with multiple memories of different colours, shapes and patterns? Countless reports have demonstrated the amazing cognitive and visual abilities of bees [7, 9] . But now Hunt and Chittka [4] show that a bee's memory is not quite as reliable as we thought and memory mistakes are being made even by bees.
To investigate whether bee brains merge memory traces into false memories of never encountered objects, the authors conducted a series of carefully designed visual learning experiments with free-flying bumble bees. Individual bees were trained to visit artificial flowers consisting of small disks with a drop of sugar solution in the centre as reward. The disks were either of a uniform colour or had a black-and-white pattern of concentric rings (Figure 1 ). One group of bumble bees was first offered yellow disks with sugar water, while the black-and-white patterned disks were empty and thus unrewarding. After learning to land on the yellow disks, the bumble bees were then presented with the reverse situation, namely empty yellow disks and rewarded black-and-white patterns. This extensive training procedure lasted several hours and created two distinct memories of rewarding food sources in the bee's brain: of a yellow flower and of a black-and-white flower. A second group of bees was trained to the same stimuli, but this group first experienced the black-and-white disks as rewarding and the yellow disks as empty, and then the reverse situation. Thus, both groups of bees had the same memories of two different flowers, only the sequence of experiencing the stimuli was reversed.
Immediately after training, both groups of bumble bees were presented with three unrewarded disks: a yellow disk, a black-and-white disk (these two stimuli being identical to the ones the bees had learnt), and a stimulus they had never seen before, namely a hybrid of the two other stimuli: a yellow pattern of concentric rings (Figure 1 ). In this scenario, the bees had to rely on the short-term memory from their last training session to choose a rewarding flower, and bees from both groups simply picked the stimulus that they had last experienced as rewarding. This is typical for recall of short-term memories, which are often laid down in early processing centres of the brain, easily accessed and lasting only minutes [10] . However, when bees were tested 1 day and 3 days after training, a different picture emerged. Now the bees had to recall long-term memories of the training stimuli, which rely on different mechanisms [10] . Considering that bees had formed stable memories of both the yellow disk and the black-and-white disk, one would have expected them to visit both of those stimuli equally. However, over the course of the test evaluating 20 choices from each bumble bee, the bees switched from initial preference for the most recently rewarded stimulus to preference for the hybrid, which had combined features of both known flowers, but which they had never experienced before.
A series of control experiments excluded generalisation to colour or patterns as underlying mechanisms. Using other colour-pattern combinations, the study confirmed that bees switched their preference to hybrid stimuli which had merged features of previously learnt stimuli [4] . These novel findings strongly suggest that bumble bees had indeed created a false memory based on previous memory traces. Importantly, memory merging only occurred when bees were trained first to a black-and-white pattern and then to a colour, not the other way round. Possibly having a black-and-white pattern as second memory was more salient and less prone to suggestibility and memory manipulations. This tells us that memory merging in bumble bees only occurs under certain conditions and with certain stimulus combinations, similar to humans, where memory merging occurs for pictures of faces, nonsense words and simple sentences, but not necessarily with other, more salient events [11, 12] .
What is the point of having the mechanism of memory merging and illusory memories? The fact that it exists in insects as well as humans suggests it is common to many Current Biology Figure 1 . Memory merging in the bee brain. After learning a yellow stimulus and a black-and-white patterned stimulus during training, bumble bees show preference for a never-encountered hybrid stimulus that combines features of both learnt stimuli.
animals. Why create a false reality? Some argue that memory errors may simply be inevitable by-products of the adaptive cognitive ability to form general concepts and categories, which is well established in both humans and bees [2, 13, 14] . But maybe it is a useful mechanism that has been evolutionarily conserved. At least in the case of bees one could imagine that creating a memory of an imaginary flower that combines features of known flowers gives bees a head start during foraging. The illusory memory could create a search pattern to predict and more rapidly recognise new potential food sources.
Although there are countless reports of the astonishing cognitive and learning abilities of bees [7, 9] , studies like the one by Hunt and Chittka [4] remind us that there is still a lot that we do not know about the animal mind. It is a wake-up call to not merely discard negative results from learning and memory studies in animals such as failure to recall stimuli. Previously undiscovered mechanisms such as false memories and memory merging might be at play, which should be taken into account as modifying factors just as much as an individual bee's experience [7] . Because as Hunt and Chittka have shown in their exciting new study: bees are human after all; they make memory mistakes just like us.
